Purpose: To determine the horizontal corneal diameter, central corneal thickness, and axial length in premature infants. Methods: Infants with a birth weight of less than 2,500 g or with a gestation period of less than 36 weeks were included in the study. Infants with retinopathy of prematurity (ROP) were allocated to Group 1 (n=138), while those without ROP were allocated to Group 2 (n=236). All infants underwent a complete ophthalmologic examination, including corneal diameter measurements, pachymetry, biometry, and fundoscopy. Between-group comparisons of horizontal corneal diameter, central corneal thickness, and axial lengths were performed. Independent sample t-tests were used for statistical analysis. Results: Data was obtained from 374 eyes of 187 infants (102 female, 85 male). The mean gestational age at birth was 30.7 ± 2.7 weeks (range 25-36 weeks), the mean birth weight was 1,514 ± 533.3 g (range 750-1,970 g), and the mean postmenstrual age at examination was 40.0 ± 4.8 weeks. The mean gestational age and the mean birth weight of Group 1 were statistically lower than Group 2 (p<0.05). There were no significant differences in horizontal corneal diameter, central corneal thickness, and axial length between the two groups (p>0.05).
INTRODUCTION
The size of organs in the human body is continually balanced to match their required functional capacity. The eye is one of the most controlled organs in this respect, and its size requires precise adaptation to the optical focal length of the cornea and the lens width (1, 2) . For full-term newborns, the horizontal corneal diameter is around 9.8 mm (surface area 102 mm 2 ) , or approximately 75% to 80% the size of the adult human cornea. The posterior segment at birth is also less than 50% of adult length. During infancy the cornea continues to grow, reaching adult size at two years old, with a horizontal diameter of 11.7 mm (surface area 138 mm 2 ). It changes very little in shape, size, and optical properties thereafter (3) . Ophthalmic ultrasonography is one of the main diagnostic imaging methods used in ocular analysis. Ultrasound comprises acoustic waves of a frequency higher than the upper limit of human hearing (20 KHz). In medical diagnostics, ultrasound devices detect, process, and amplify echoes of the returning wave. Changes in tissue density result in alterations to the echoes reflecting back to the transducer, where they are converted back into an electrical signal and processed. Thus, the use of ultrasound in medicine depends on the physical laws of acoustic energy, reflection, refraction, and absorption. In ophthalmology, the biometric A-scan is primarily used to determine axial eye lengths. It uses a probe with an operating frequency of 10 to 12 MHz and a linear amplification curve (4) . Retinopathy of prematurity (ROP) is a vasoproliferative retinopathy of infants who are born prematurely and with a low birth weight (5) (6) (7) . Moreover, ROP can be a potentially blinding condition (8) . Some studies have documented alterations in ocular growth and changes in refractive errors in infants with ROP (9) . It is widely recognized that ROP is a multi-factorial condition, with gestational age, low birth weight, blood transfusion, oxygen exposure, intraventricular haemorrhage, and necrotizing enterocolitis all implicated in the disorder (10, 11) . The aim of the present study was to determine the horizontal corneal diameter, central corneal thickness, and axial length in premature infants.
Analysis

METHODS
Participitants were recruited from the Zekai Tahir Burak Women's Health Education and Research Hospital. Infants with a birth weight of less than 2,500 g, or with a gestation period of less than 36 weeks, were included in the study. Infants with congenital glaucoma, and anterior or posterior abnormalities such as congenital cataracts, were excluded from the study. Infants treated with laser photocoagula tion and/or intravitreal injections also were excluded. The study was approved by the local ethics committee and was performed in accordance with the ethical standards laid down in the Declaration of Helsinki. Parents or guardians of all children gave their informed consent prior to their inclusion in the study.
A single examination was performed on each infant. We recorded the gestational age, birth weight, and postmenstrual age. All infants also underwent a complete ophthalmologic examination, including measurements of corneal diameter, central corneal thickness, axial length, and intraocular pressure. Examinations of the anterior segment and a funduscopy were also performed. For the funduscopic examinations, mydriasis was obtained by the instillation of topical pheny l ephrine hydrochloride (2.5%) and topical tropicamide (0.5%) a mi nimum of 30 min before examination. After instillation of a to pical anaesthetic (0.5% proparacaine hydrochloride) the eyelids were retracted using a paediatric speculum. For the ROP group, all measurements were recorded following the funduscopy.
Corneal diameters were determined with callipers by measuring the white-to-white limbus horizontally between the 3 and 9 o'clock positions. Biometry and pachymetry measurements were performed with an ultrasound biometer (Compact Touch Ultrasound system, Cedex, France). For biometry A-scan testing, the probe was applied lightly on the centre of the cornea, perpendicular to its axis. Particular attention was paid to avoid corneal indentation. For each eye, the average value of 10 measurements was recorded. Axial length, anterior chamber depth, lens thickness, and vitreous length were all measured by this process. For pachymetry, the probe was placed perpendicularl to the central cornea and an average of 10 consecutive measurements was recorded for each eye.
Between-group comparisons were made for the horizontal cor neal diameter, central corneal thickness, axial length, anterior chamber depth, lens thickness, and the vitreous length. ROP infants comprised Group 1 and non-ROP infants comprised Group 2.
StatiStical analySiS
Statistical analysis was performed using the computer package program Statistical Package for the Social Sciences™ 16.0 (SPSS Inc. Chicago, IL). Results were reported as the mean ± standard deviation (SD), frequency, and percentage. Differences between the groups were tested for significance by the independent samples t-test. Differences were considered significant at p<0.05.
RESULTS
The data from 374 eyes of 187 (102 female, 85 male) infants were analyzed. The mean gestational age at birth was 30.7 ± 2.7 weeks (range 25-36 weeks). The mean birth weight was 1,514 ± 533.3 g (range 750-1,970 g). The mean postmenstrual age at examination was 40.0 ± 4.8 weeks. The mean gestational age and the mean birth weight of Group 1 were statistically lower than Group 2 (p<0.05). Table 1 shows the characteristics of infants in both groups.
In Group 1, 14 infants (10.1%) had zone 2 stage 1 ROP, two infants (1.4%) had zone 2 stage 2 ROP, 102 infants (73.9%) had zone 3 stage 1 ROP, 20 infants (14.4%) had zone 3 stage 2 ROP, and four infants (2.8%) had zone 3 stage 3 ROP.
The horizontal corneal diameter measurements, and the pachymetric and biometric data are presented in table 2. The mean horizontal corneal diameter was 10.1 ± 0.5 mm. The mean central corneal thickness was 559 ± 41.8 microns. The mean anterior chamber depth was 2.1 ± 0.4 mm. The mean lens thickness was 4.1 ± 0.6 mm. The mean vitreous length was 10.3 ± 1.7 mm. The mean axial length was 16.7 ± 1.0 mm. There was no significant difference in the horizontal corneal diameter, central corneal thickness, or axial length measurements between the two groups (p>0.05).
DISCUSSION
In this study, infants aged between 25 and 36 gestation weeks, and between 750 and 2,500 g birth weight, were examined. ROP screening was performed according to the baby's week of birth and birth weight.
The normal measures of corneal diameter, corneal thickness, and axial length are better known for full-term healthy infants than for premature ones. The mean horizontal diameter of the cornea at birth is reported 10-0 mm, and this increases with advancing gestational age and birth weight (12, 13) . The mechanism that determines central corneal thickness is not yet fully understood. Fundus examinations reveal that the corneas of premature infants (less than 30 gestational weeks) are often blurred, while most infants of over 31 gestational weeks have sufficient corneal clarity. These findings suggest that corneal hydration in premature infants can play an important role in determining the central corneal thickness (13) . Recent studies have shown that corneal thickness in premature babies decreases towards the time of full-term (13, 14) . Kirwan et al. found that babies born at 31 weeks have thick corneas and that a progressive and statistically significant decrease in thickness occurs towards full-term. Conversely, the horizontal corneal diameter showed a progressive and significant increase in thickness towards full-term. Thus, it was demonstrated that premature infants possess thick corneas with small corneal diameters (15) . It has also been reported that the eyes of premature infants have shallower anterior chambers, shorter axial lengths, and more highly curved corneas than full-term infants' eyes. In severe cases of ROP these differences become more significant (9) . Furthermore, children with larger head sizes or lengths at birth, or who are born heavier or more mature, have deeper vitreous chambers and longer axial lengths (16) . Laws et al. studied the ultrasound axial length measurements of infants born with either a birth weight of less than 1,500 g or a gestation period of less than 32 weeks, who had undergone screening for ROP. They reported that, during the period of the study, the mean axial length increased from 15.27 mm to 16.65 mm in the left eye, at a growth rate of 0.18 mm/week. They reported that the axial lengths of the infants was inversely related to increasing stages of ROP, and that infants with the maximum ROP stage had the shortest axial length (17) . Similarly, Hirano et al. followed axial length growth in premature and term infants during a one year period, and reported that premature infants had shorter axial length measurements (18) . In contrast to previously published studies, this study did not de tect differences in the measurements of corneal diameter, central corneal thickness, or axial length, between infants with or without ROP. We encounter a smaller prevalence of cicatricial ROP in our group. This may be related to attentive screening for ROP, prompt treatment, and advances in the prevention of cicatricial ROP. Therefore, we suggest that severe cases of ROP or cicatricial ROP have become less common. Furthermore, eyes treated with photocoagulation or intravitreal injections for ROP were not included in our analysis and this may influence the results.
The limitations of this study include the small sample size, the short follow-up period, and possibly errors relating to the manual mea surements of corneal diameter, central corneal thickness, and axial length. The stages of ROP in this study ranged from stage 1 to stage 3. No stage 4 or 5 examples (cicatricial ROP) were used. Being a single-centre study with pachymetry and ultrasound exams performed by the same clinician may also be considered limitations.
In conclusion, birth weight and gestational age both have an indisputable effect on ocular growth. However, we did not detect an effect of ROP on the horizontal corneal diameter, central corneal thi ckness, or axial length. We propose that further investigations using the data from more samples are needed in order to obtain more reliable results.
